Abstract: A natural or man-made disaster may destabilize the structure of a building and endanger the lives of its occupants. Evacuating occupants in the shortest possible time is the first reaction in such situations, often referred to as indoor emergency evacuation. Indoor emergency evacuations pay little attention to people with disabilities (PWD) who face additional challenges in emergency situations than people without disabilities. This work highlights the major findings in literature with regard to emergency evacuation of PWD and underscores the related shortcomings and gaps for future research. Current studies can be categorized in: evacuation drills, computer evacuation models, and indoor accessibility measures for PWD. Evacuation drills are focused on assessing the ability of PWD to negotiate different surface types and bottlenecks, but none on understanding their behavior and decisions during an emergency evacuation. Computer simulations are focused on developing evacuation plans by minimizing the overall evacuation time, but fail to capture the dynamics, uncertainties, and complexities in a real-world evacuation scenario. Only few studies are devoted to measuring the accessibility of indoor environments to PWD, most of which are not suitable for wayfinding purposes. Finally, we discuss research gaps in developing indoor spatial models, accessible, personalized, and collaborative wayfinding, and real-time dynamic evacuation systems with accessible user-interfaces. 
PUBLIC INTEREST STATEMENT
Emergency evacuation of people with disabilities (PWD) carries more subtleties than those without disabilities. For this reason, researchers have studied different aspects of this topic, from performing evacuation drills and modeling accessibility, to developing computer simulations for assessing different evacuation plans. We not only summarize their findings and underscore their merits but also highlight their shortcomings and shed light on future research venues to facilitate the emergency evacuation of PWD.
buildings is the delay time not the time spent to go down the stairs. The average stair descent speed of occupants was 0.56 m/s where children aged 2-5 and people over 65 years old were the slowest groups with an average speed of 0.45 and 0.43 m/s, respectively. This speed includes the time taken to rest, to peek into the corridors, or to chat with neighbors. No congestion or crowding was observed on stairs during evacuation. Statistical analyses showed that gender had little influence on speed. Peacock, Reneke, Kuligowski, and Hagwood (2017) reported a pre-evacuation time of 6.6-28.5 min with a mean of 14.2 min and a movement speed of 0.07-0.94 m/s with a mean of 0.28 m/s on descending the stairways for people with mobility impairments. They collected this data from 170 people with mobility impairments during two indoor fire drill evacuations. However, their definition of pre-evacuation time is different in that it not only includes the time before initiating the evacuation but also the travel time from an occupant's original location in the building to the stairway. They also concluded that the pre-evacuation time consistently occupies much of the total evacuation time.
Movement speed
All reported speeds on stairs in this article are based on the distance over the pitch line of stairs, indicated in Figure 1 . Jiang et al. (2012) designed an evacuation drill at a subway station in Beijing to investigate the effect of disability, passage width, and gender on speed during horizontal and stair descending/ascending movements. The width, tread, and rise of the stairs were 3.0, 0.32, and 0.14 m, respectively. The stairwell consisted of two flights with 11 and 12 steps, respectively. The landing linking the two flights was 1.8 m deep. Participants comprised 40 unassisted PWD, 20 single-crutch PWD, 40 double-crutches PWD, and 17 people without disabilities. Participants were all older than 20, mostly between 40 and 60 years old. The numbers of male and female participants were almost equal. All participants were asked to move at their highest speed. Their results are summarized in Table 1 . Willingness of most single-crutch and double-crutches participants to use the stair handrail as additional support reduced the impact of passage width on speed during stair descending/ascending movement in comparison to horizontal movement. The following can be inferred from Table 1 : Males move 13% to 50% faster than females, people without disabilities move fastest followed by no-aid PWD (63%-80% of the able-bodied movement speed), people who use a single-crutch (31%-59% of the able-bodied movement speed), and people who use double-crutches (20%-53% of the able-bodied movement speed), people move fastest on horizontal surfaces followed by when descending stairs (39%-77% of the horizontal surface movement speed) and when ascending stairs (30%-61% of the horizontal surface movement speed), and passage width has a negligible effect on the movement speed unless the passage is too narrow (< 60 cm). Boyce, Shields, and Silcock (1999a) investigated the movement speed of people who are blind and people with mobility impairments on indoor horizontal surfaces (50 m long), ramps (with a slope of 3°to 4°and a continuous handrail on either side), stairs, and 90°turns. The movement speed for each group on each type of surface is given in Table 2 and the time it takes each group to make a 90°turn is reported in Table 3 . These speeds do not include rest periods. The expression assisted walking in Tables 2 and 3 means that this person needs other people's help to walk and unassisted walking means that this person can walk without others' help. Assisted and unassisted walking groups include people who are blind. The expression assisted wheelchair user means that this person needs someone to push the wheelchair and unassisted wheelchair user means that Kuligowski, Peacock, Wiess, and Hoskins (2013) summarized the results of seven studies on evacuation speeds of elderly and people with mobility impairments on stairwells. They showed that this speed for elderly ranges from 0.11 m/s (while being assisted) to 1.37 m/s (without assistance) in different studies. They implemented an evacuation drill in a six-story assisted-living residential building, hosting 45 elderly and residents with mobility impairments, to measure their speeds on stairwells. If an old person needs cane, stair chairs, or assistance to go down the stairs, he/she is categorized in the impaired group and in the old group otherwise. The stair width, tread, and rise were 1.12, 0.30, and 0.17 m, respectively. To calculate the speed, they considered the travel distance as the summation of diagonal distances along the stair treads (Figure 1 ) and the horizontal distances on the landings. They reported an average speed of 0.29, 0.25, 0.21, 0.11, and 0.21 m/s for elderly, people with mobility impairments who use a cane, assisted by another resident, assisted by a firefighter, and using stair descent device, respectively. These speeds do not take into account congestions or clogging effects because no congestion was observed during evacuation. They also showed that there was not any decreasing pattern in residents' speed during evacuation, suggesting no fatigue effect. Fang et al. (2012) estimated an average speed of 0.81 ± 0.13 m/s for downward movement on stairs in an emergency evacuation drill of an eight-story building with 163 participants (no PWD) distributed unevenly on different floors, half of whom were placed on the fifth and sixth floors. They showed that this speed changes between 0.77 and 0.86 m/s based on evacuees' density and physical strength. These speeds are calculated based on the summation of inclination distance on stairs (Figure 1 ) and the turning length on landings between flights. It is noteworthy that Lavender et al. (2014) showed that travel speeds using stair descent devices can be within the travel speed range of other building occupants.
Doorways
In an attempt to measure the capacity of building's exit doors during an emergency evacuation, Daamen and Hoogendoorn (2010) performed 16 experiments in laboratory. The emergency capacity of a doorway is measured as the maximum number of people who can pass through it in one minute under emergency conditions if the door is 1 m wide. The emergency door capacities in their experiments ranged from 132 to 186 with an average of 168 people per minute per meter, when the door is 180°open. Their experiment population included equal numbers of children, adults, and elderly, but no PWD. They showed that a door does not have to be 180°open for the maximum capacity and an opening angle of 150°i s sufficient for a free outflow. If the door is only 90°open in the escape direction, the average capacity reduces to 132.6. Inclusion of 5% PWD in the population (three blindfolded participants and three PWW) reduced the average emergency doorway capacity to 121.2 when the door is 180°open. Other emergency doorway capacities reported in the literature include 90.0, 106.2, 106.8, 108.0, 132.0, 135.0, 137.4, and 193 .8 people per minute per meter (Daamen & Hoogendoorn, 2010 ).
Boyce, Shields, and Silcock (1999b) performed experimental tests to determine the time required to open a closed door and pass through it for different groups of people with mobility impairments. The door's width was 83 cm, fitted with a door closer. The time is measured since the door leaf starts to move until the participant has passed the doorway. Their results are summarized in Table 4 . People who use walking frames or rollators take almost two times longer and PWW take almost three times longer than people who use no devices to pass doorways. It shows the difficulty of opening a door and keeping it open while passing the doorway for PWW and people who use walking frames and rollators. Doors with a pulling mechanism seem to be the most difficult for PWW to negotiate since up to 71% of manual wheelchair users and almost all motorized wheelchair users fail to successfully pass them. Although these percentages fall to 29% and 50% for doors with a pushing mechanism, they are still much higher than the failure rates for other PWD. Turhanlar, He, and Stone (2013) argued that on one hand, people with mobility impairments cannot negotiate stairs without assistance of others and on the other hand, elevators are mostly shutdown during an emergency. Turhanlar et al. (2013) and Luo and Wong (2006) showed that using lifts for evacuation in addition to stairs and elevators can significantly decrease the total evacuation time. By assessing a sample of 1,755 applications of 81 general passenger lifts over three years throughout Australia, Turhanlar et al. (2013) estimated that in 99.3% of times, shifts are available and operate soundly. However, their sample only includes application of shifts under normal conditions not in case of fire or any other emergency event. Using lifts in an emergency situation requires special approval because not only lifts are not as safe as fire isolated stairwells but also occupants may overcrowd and halt a lift (Williamson & Demirbilek, 2010) . Fire isolated stairwells are the safest egress route (Williamson & Demirbilek, 2010) but also the most challenging for PWD.
Lifts

Building's exit door choice
Current building codes, regulations, and standards falsely assume that all available exit doors would be equally used in case of an emergency evacuation. According to evacuation drills reported by Shi et al. (2009) , most occupants (50.1%) prefer the nearest exit door and the rest choose an exit based on familiarity (19.5%), following the emergency staff (25.2%), or following the crowd (5.2%). Sagun et al. (2011) implemented evacuation drills in three buildings with one, two, and three floors, respectively, and multiple exit doors and a population of 80-120 people in each building (no PWD). Their evacuation drill results showed that the perceived distance from a user's current location to exit doors and familiarity with exit doors play the most significant roles in choosing an exit door with a contribution of 44% and 17%, respectively. The other factors include the door that the user entered through, emergency signs, visibility, following other people, crowd flow force, bottlenecks, obstacles, and orientation by fire marshals. A total of 86 student subjects, 8 female and 78 male, aged between 17 and 21 and all in good health, were used in an evacuation drill performed in a four-story building by Chen, Pan, Zhang, Narayanan, and Soldner (2013) . All evacuees were distributed on the fourth floor of the building and were asked to evacuate the building as soon as they heard the alarm. The results showed that: (a) when evacuees are familiar with all egress routes, 57.7% of them take the fastest route (fastest route can be either the shortest or the least congested one), 23.1% follow the crowd, and 19.2% take the route that they took to enter the building last time, (b) if evacuees are familiar only with one route/stairwell/exit door, 74.2% take that route/stairwell/exit door and do not try to find any alternative even if it is very congested, 16.1% follow the crowd, and 9.7% try to find alternative egress routes, (c) evacuees are forced to follow the crowd even if they prefer another egress route, (d) the exit door's width is the most influencing factor on congestion and evacuation time, and (e) the evacuation speed is almost inversely proportional to the density of evacuees. Bode and Codling (2013) virtual reality evacuation drills showed that when occupants are stressed and panicked: (a) they prefer the route with which they are familiar, (b) they are more willing to follow the crowd even if it increases their evacuation time, and (c) they are not willing to avoid congested egress routes. Kobes et al. (2010b) inspected the effect of smoke and exit signs on evacuees' route choice in 83 emergency evacuation drills in a hotel building at night. The results showed that in the absence of smoke most people take the main exit door and when smoke blocks the route toward the main exit door, most people take the fire exit. Moreover, evacuees use the exit signs more often when these signs are placed lower than ceilings.
Computer evacuation models
Many researchers have used agent-based models to investigate different evacuation scenarios. Agents are software constructs or classes in an object-oriented programming which encapsulate characteristics and behaviors of an entity in the real world which is human being in case of evacuation scenarios. Behaviors are if-then rules which allow agents to interact with each other or with their environment and attempt to reach a goal (Manley & Kim, 2012; Watson & Wixom, 2007) . Gwynne, Galea, Owen, Lawrence, and Filippidis (1999) reviewed 22 indoor emergency evacuation models by 1999 and recognized that the most significant drawbacks in evacuation models were ignoring individuality of evacuees in decision-making and considering a homogeneous population which were mostly due to low computational capabilities. Computer simulations have been used to investigate emergency evacuation from various aspects such as the effect of occupants' density (Thompson & Marchant, 1995) , smoke (Jeon, Kim, Hong, & Augenbroe, 2011; Jin & Yamada, 1989; Nguyen, Ho, & Zucker, 2013) , movement type, e.g. crawling or walking (Kady & Davis, 2009 ), gender and body mass index (Kady & Davis, 2009) , surface type, e.g. hallway or stairs (Chen, Song, Fan, Lu, & Yao, 2003) , and disability (Boyce et al., 1999a) on movement speed, the effect of social forces, e.g. friction and compression between evacuees, room door size, exit door size (Ha & Lykotrafitis, 2012) , and smoke (Jeon et al., 2011) on evacuation time, and the effect of smoke on wayfinding and evacuation routes (Jeon et al., 2011; Kobes et al., 2010b) . Min and Yu (2013) and Jian, Juan, Yao-Jian, and Lo (2013) showed that a mixed usage of stairwells and elevators can considerably reduce the evacuation time. Min and Yu (2013) found the shortest evacuation time for 100 people on the 10th floor of a building with one stairwell and one elevator when 60% of occupants use the stairwell and the rest use the elevator. By decreasing or increasing the population, the stairwell usage percentage in the optimal plan also decreases and increases. Zu-Ming, Jin, and De-Pin (2011) investigated issues and risks associated with using elevators for evacuation of high-rise buildings in case of fire and suggested using only stairwells to evacuate the low floors (under the 10th floor) and using both elevators and stairwells to evacuate the high floors (above the 10th floor). Table 5 shows the size and speed of different agents on different surface types in Koo, Kim, and Kim (2012) , (2013), 2014) and Manley and Kim (2012) . In all these studies:
• residents are uniformly distributed among the floors,
• residents respond to the alarm after some random delay, following a normal distribution with a mean value of 29 s and a standard deviation of 9 s,
• six different agent types: able-bodied agents, motorized wheelchair agents, non-motorized wheelchair agents, visually impaired, hearing impaired, and stamina impaired agents, are considered, where the only differences among them are their speed and size,
• stairs and obstacles reduce agents' speed, and
• wheelchair agents can evacuate through stairs only with the help of a person without disabilities at half his/her speed.
Following are Koo et al. (2012) findings for a 24-story building. (a) Including 14% PWD in the population increases the total evacuation time by 28%. PWD slowed down the evacuation speed of residents without disabilities to the speed of PWD by blocking their routes in narrow hallways and stairwells due to their larger space requirements and lower speeds, also confirmed by Lena et al. (2012) . (b) Increasing the population of the building increases the total evacuation time because of congestions. (c) Bottlenecks in the building such as doors and tight stairwells are more responsible for congestions than other parts of the building. (d) Since evacuees travel from upper floors to lower floors, the flow rate and density of stairwells in higher floors reaches its highest level right after the beginning of the simulation, then immediately drops, but the flow rate and density of stairwells in lower floors remain at full capacity for a longer time. (e) Evacuating residents on lower floors earlier than residents on higher floors results in a faster evacuation of all residents on average. However, Koo et al. (2013) later showed that this reduction in evacuation time is negligible. Koo et al. (2013) also investigated two other scenarios. In the first scenario, evacuation of PWW was delayed because they move slower and require larger space and may block the evacuation route of other residents. In the second scenario, PWW took elevators and other people took stairs but they were evacuated simultaneously. The first scenario steadily reduced the overall evacuation time but delaying the evacuation of PWD is not realistic. The second scenario significantly reduced the overall evacuation time (by 21.5%) and was the fastest evacuation plan. This is not only because PWW took elevators instead of stairs but also because they did not impede other residents on stairwells. Koo et al. (2014) increased the movement speed of agents in Table 1 by 50% (arguing that people run faster when they are panicked) and observed that the overall evacuation time decreases to 67%. They also defined a 40% probability that the next cell that an agent takes does not get them closer to the exit door (arguing that people make mistakes when they are panicked). This probability is 50% for residents with low stamina and 0 for people with physical impairment because they are well aware of the exit route. This probability is 0 for all residents when they are on stairwells because there is only one option as the next cell in these areas. Adding this mental disorientation in selecting the next cell to the simulation increased the overall evacuation time by 1% (from 789.1 to 797.0 s). However, they showed that the effect of mental disorientation in a wider building can increase the evacuation time up to 26%. They also considered the effect of accumulated physical fatigue during evacuation by decreasing the movement speed of agents gradually after each 100 m movement interval. The movement speed of PWW and with low stamina was decreased twice as other people due to fatigue. The fatigue effect increased the overall evacuation time by 5.5% (from 832.6 to 789.1 s). Considering the effects of all these three factors together (running faster due to panic, mental disorientation, and fatigue), increased the overall evacuation time by 4.4% (from 789.1 to 823.8 s).
Manley and Kim (2012) considered 65 people without disabilities, 1 with visual impairments, 1 who uses a motorized wheelchair, and 4 people with low stamina in a 4-story building with three exit doors on the second and ground floor, of which only the main exit door is accessible to people with mobility impairments. Their simulation results showed that PWW and those with lower stamina are the last to evacuate the building. They also showed that PWD tend to block the progress of people without disabilities due to larger space requirements and slower speeds. The average evacuation time of all evacuees dramatically increases with the number of PWW in the building. In another scenario, they paired each motorized and non-motorized wheelchair user with two persons without disabilities to assist them. The speed for the person who uses a wheelchair and his/her assistants was set to the average of their original speeds and their new size was set to the sum of their original sizes. The mean evacuation time of all residents increased by 8 s in the assisted evacuation scenario but more PWW could evacuate the building successfully. Finally, they indicated that allowing PWW to take the elevators considerably decreases both the clogging phenomenon and the mean evacuation time. Fahy (1995) considered the congestion effect in their simulation by not allowing more than a specific number of people to occupy a node at the same time and adjusting the walking speed on each node based on the number of people on it. The walking speed is also decreased by a constant coefficient for PWD. During the simulation, the smoke expands and blocks some nodes. If a resident reaches a blocked node, an alternative egress route is computed and allocated to him/ her. The program continues until everyone has exited the building or trapped among blocked nodes. Fahy (1995) tested his simulation with a total of 26 residents including 22 people without disabilities and 4 PWD. The evacuation times ranged from 16.6 to 60.0 s with an average of 37.1 s. The results showed that adding PWD to the fire-induced emergency evacuation simulation does not reduce the average evacuation time of residents without disabilities, which can be justified by the small number of residents (a total of 26 occupants) in their simulation.
Golmohammadi and Shimshak (2011) categorized hospital patients in walking wounded, less critical such as patients who use a wheelchair, and critical such as patients confined to beds in a hospital's evacuation simulation. Less critical and critical patients must use the elevators and walking wounded patients must take the stairwells. The congestion effect is not taken into account. Two staff members are assigned to each critical patient and one staff member to each less critical patient. The least evacuation time was obtained when walking wounded and less critical patients were evacuated before critical patients because they are faster and need lesser number of staff for evacuation.
Indoor accessibility and egressibility
The term accessibility refers to every citizen's right to move throughout a built environment safely and independently or in brief the ability to access everywhere (Department of Justice, 2010; Evcil, 2012) . PWW, people who are blind, or elderly are mobility challenged because the structure is not designed based on their limitations (Goldsmith, 1997) . Two types of accessibility are specific accessibility of a special service and general accessibility of a building. In specific accessibility, the accessibility measures of a particular service or location (e.g. bathroom) from different parts of a building are combined to calculate its accessibility (Church & Marston, 2003) . The specific accessibility measures of different services inside a building are combined to produce a number that represents that building's general accessibility (Sakkas & Perez, 2006) . Each of these accessibility definitions can be measured in an absolute (Sakkas & Perez, 2006) or relative (Church & Marston, 2003) form. While an absolute measure only specifies whether a service, location, or building is accessible or not, a relative measure determines the distance, time, and/or effort required to access that location or building (Church & Marston, 2003) . In addition, both definitions (general and specific accessibilities) can be narrowed down to a specific group of people such as those with mobility impairments. Sakkas and Perez (2006) combined two criteria, the length and quality of all paths from all the other interest points (e.g. bathroom, kitchen, telephone kiosks), to measure the accessibility of a specific interest point. However, path quality is not well defined in their study. They assigned a number between 0 and 1 to a building as its accessibility to public, which does not provide much information about its accessibility issues. In a similar effort, Thill, Dao, and Zhou (2011) measured the accessibility of a room inside a building as the total travel cost required to get from different specific places across the city to that room. Bendel and Klüpfel (2011) identified the following items as influencing factors on the accessibility of a passage: length, width, surface type (e.g. carpet, slippery surface, uneven surface), slope, existence of doors or ramps, and elevation changes. It is the accessibility of exit doors from different parts of the building, referred to as exitability (Vanclooster, Neutens, Fack, Weghe, & Maeyer, 2012) , egressibility (Proulx, 1995) , or evacuability (Bendel & Klüpfel, 2011) , which is of concern for emergency evacuation of PWD. Vanclooster et al. (2012) defined egressibility of a room as the time required for a person without disabilities to reach the nearest exit door, accounting for the speed reductions due to congestions. They found the best egressibility values for rooms adjacent to exit doors and stairwells and worst egressibility values for top floors and highly populated rooms because of the congestion effect at doorways. However, such an egressibility measure assumes that the building is intact while hallways, stairwells, or doors may be damaged or blocked due to disasters. Kim, Jun, Cho, and Kim (2008) developed a similar measure of egressibility, but for PWD, taking into account only the distance and surface type. Instead of focusing on a specific type of disability, they considered them all in one group of people with mobility impairments. Although developing an egressibility measure for a specific room or a building helps to realize whether or not that place is egressible for the target group, it does not solve the wayfinding problem.
Next section discusses research gaps in developing indoor spatial models, accessible, personalized, and collaborative wayfinding, and real-time dynamic navigation systems for evacuation with accessible user-interfaces.
Future research directions
Indoor spatial models
Evacuation simulations usually model the building as a two-dimensional grid, as shown in Figure 2 . The first concern with a raster model is the cell size because a small cell size is computationally expensive to process and a large cell size misses details and reduces the accuracy. Additionally, the boundaries of rooms and other components of the building may not match with cell boundaries which could be worse for larger cells. On the other hand, the raster model limits the movement to four or eight directions while neither people are bound by this limitation nor hallways and stairwells are always of regular shapes and directions. Vector models or graphs are a more suitable choice, as shown in Figure 3 . Despite graphs are widely used for outdoor wayfinding, they cannot easily be extended to indoor environments because many indoor constraints such as walls, multiple floors, elevators, and doors are absent in outdoors, Euclidean coordinates in outdoors are replaced by symbolic references (e.g. room numbers) in indoors, and topological relationships are more complicated in indoor environments.
The first question about a vector model for indoors is that which components of the building should form the graph nodes, which the graph edges, and which should be excluded from the graph. Modeling building components as nodes or edges must be more than arbitrary. An approach is to consider all building components that require effort for passing as graph edges (Hashemi & Karimi, 2016) , since this facilitates the application of wayfinding algorithms such as Dijkstra. Another concern is that indoor spatial models, e.g. graphs, used in simulations and evacuation plans do not consider the specific requirements of PWD. For example, while elevators, stairwells, doors, and hallways may all form the edges of the graph, stairwells are not easily accessible to PWW, doors are very demanding, and turns take much more effort from PWW than people without disabilities. While many indoor spatial models do not record the opening mechanism of doors, such information plays a crucial role in wayfinding for PWD. There needs to be an indoor spatial model including all building components that are part of the evacuation routes and containing all their attributes that might affect their accessibility to PWD (e.g. dimension and width). An example is the weighted graph developed by Hashemi and Karimi (2016) where hallways, stairwells, elevators, doorways, and ramps form the graph edges and rooms and intersections form the graph nodes. They assigned a weight to each edge, indicating how demanding that edge is for PWD to pass. The edge weights can be used to find the most accessible egress route. However, the weights assigned to edges are based on their accessibility to PWD, falling short of distinguishing among different disability types or individual physical limitations. Further research is required to address this issue by defining personalized accessibility indexes for different PWD. Finally, manual construction of the graph is very cumbersome for large buildings and needs to be automatically constructed from building floor plans.
Indoor accessible wayfinding
While finding the shortest, fastest, least congested, or most familiar egress route has been the focus of computer simulations and evacuation plans, none works for PWD. For instance, a very narrow hallway can make the shortest route inaccessible and useless to a person who uses a wheelchair. There are few studies on egressibility of a building and there are even fewer studies on egressibility of a building for PWD. There should be studies not only to measure the egressibility of a building for PWD, but also to plan their emergency evacuation through accessible routes. An example of an accessible wayfinding algorithm for PWD is developed by Hashemi and Karimi (2016) . They apply accessibility indexes of different building components in Dijkstra's algorithm to find the most accessible egress route for PWD. However, accessible routes should match individuals' physical limitations where the optimal egress route might not be the same for two people with different disabilities.
Personalized wayfinding
While accessible wayfinding assures that the route is feasible for the user considering his/her disabilities, personalized wayfinding takes a step further in considering each user's personal preferences in wayfinding (Hashemi & Karimi, 2017) . While for accessible wayfinding we need to investigate the characteristics of each building component, e.g. width, length, and surface type (Hashemi & Karimi, 2016) , for personal wayfinding we have to find out what building components are preferred by a specific user, what attributes of each building component are more important to that user, and how comfortable that user is with pedestrian congestion or taking turns. All these factors must be taken into account when finding the optimal egress route for each individual.
Collaborative wayfinding
The indoor spatial model and its associated attributes might not be accurate, correct, and/or adequate. Users' personal preferences and physical limitations might be very diverse and exhaustive which makes it very difficult to capture them all. In addition, people might not be accurate in expressing their limitations and preferences. For such reasons the accessible personal egress route might not fully satisfy the user. A partial remedy for this shortcoming is to let users contribute in updating the indoor spatial model and its associated attributes on a daily base. Collaborative wayfinding (Hashemi & Karimi, 2017 ) lets occupants rate a suggested egress route after taking it. These feedbacks could be reflected in future wayfinding processes for that specific user or similar users.
Real-time dynamic navigation system for evacuation
Lack of flexibility and speed among PWD to cope with uncertainties in predetermined evacuation plans and rapidly changing conditions may frustrate them during the evacuation. While emergency evacuation simulations are useful to reveal challenges and prepare for them, an emergency evacuation plan cannot be designed solely based on the results of a computer simulation because it will not reveal the same results in reality as in the simulation. In other words, a scenario that resulted in the least evacuation time during the simulation does not necessarily result in the least evacuation time in reality. Expecting people to follow a static evacuation plan when the emergency alarm goes off is far from real. Due to the unknown characteristics of the building and people at the time of the event and people's unpredictable behavior in emergency situations, an evacuation plan needs to be developed in situ when and where an emergency evacuation needs to be carried out. Such a plan must navigate each evacuee from his current location based on his/her physical capabilities, personal preferences, number of turns, length, and accessibility of the entire route to him/her, real-time human traffic, blockages, and power outages in different parts of the building, etc. The evacuation route needs to be dynamic, i.e. it needs to be updated if any of the assumptions in calculating the route is changed. Hashemi (2018) developed a wayfinding algorithm that not only takes into account the accessibility of building components to people who use a wheelchair but also minimizes the number of turns, avoids blockages, avoids congestions by distributing the evacuees on different egress routes, and dynamically updates the egress route if any of the assumptions in calculating the best route change. Implementing such wayfinding algorithms in a real-time navigation system requires comprehensive and real-time data about the building and people which can be gathered by embedding sensors in different parts of the building and collecting information about evacuees through their phones, mostly automatically.
Last but not least, research needs to be done on designing user-interfaces that best communicate the evacuation route to each group of PWD.
Conclusions
We categorized current studies in: evacuation drills, computer evacuation models, and indoor accessibility measures for PWD. We showed that evacuation drills are mostly focused on assessing the ability of PWD to negotiate different surface types and bottlenecks, but none on understanding their behavior and decisions during an emergency evacuation. Computer simulations are focused on developing evacuation plans by minimizing the overall evacuation time, but fail to capture the dynamics, uncertainties, and complexities in a real-world evacuation scenario. Only few studies are devoted to measuring the accessibility of indoor environments to PWD, most of which not suitable for wayfinding purposes.
Evacuation drills can shed light on facts that can be used in developing evacuation plans and wayfinding. Examples of such useful facts are: PWD have longer pre-evacuation times, they move slower than people without disabilities on all surface types, or the most influencing factor on congestion and average evacuation time is the exit door's width. We can summarize the exit choice behavior of evacuees reported in evacuation drills as follows. If an evacuee is familiar with the structure of the building, he/she chooses the nearest exit door and in case of congestion switches to the fastest egress route. If the evacuee is not familiar with the building structure, he/she takes the same route that he/she took to enter the building or follows the crowd. Evacuation drills focusing on PWD, mostly investigate their ability in negotiating different surface types and building components. There is no study on how the disability type, surface type, passage width, exit door width, distance, familiarity with the building and exit doors, congestion, crowd, exit signs, and smoke affect the PWD's route selection behavior.
Computer simulations outnumber evacuation drills in the literature because their implementation only needs a computer program. Computer evacuation models report the evacuation time for different scenarios. Their main purpose is to find which scenario produces the least evacuation time which can be used to design an evacuation plan for real events. While there is no issue with minimizing the evacuation time, the main problem is that simulations are naïve abstracts of reality. Many details of the buildings and individual characteristics of people such as physical abilities, wheelchair size, behaviors, and feelings are ignored in a computer model (Pelechano & Malkawi, 2008) . Even if a computer simulation considers all details of the building and people, those characteristics do not remain constant during evacuation, we do not know how many people will be inside the building and where in the building they will be, different parts of the building might collapse, water pipes might break, electricity might go out, fires might ignite, people may panic, run, get hurt, some might not wait for PWD or people on the lower floors to evacuate first and some might help PWD, some might ignore the no elevator or elevator only for PWD rules, people do not move with a fixed speed and do not occupy a fixed area during evacuation, some might not move in order and rush into the crowd saving themselves but hurting others and causing more congestion, some might not take the shortest route to the nearest exit, etc. It is simply impossible for a computer simulation to fully imitate the reality.
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